Abstract Bortezomib selectively binds and inhibits the 20S proteasome enzyme's active sites. This study was conducted to determine the side effects and maximum tolerated dose (MTD) of bortezomib in patients with recurrent malignant glioma. Separate dose escalations were conducted in patients taking or not taking enzyme-inducing anti-seizure drugs (?/-EIASD). The starting dose in both groups was 0.9 mg/m 2 intravenously twice weekly for the first three of each 4 week cycle. Imaging assessment of response was carried out and Plasma 20S proteasome activity inhibition and imaging was conducted to monitor efficacy. The 66 patients enrolled had a median age of 51 years, median KPS of 90%, and 77% had glioblastoma multiforme. The MTD in the -EIASD group was 1.70 mg/ m 2 based on grade 3 thrombocytopenia, sensory neuropathy and fatigue. In the ?EIASD group escalation was terminated at 2.5 mg/m 2 without meeting meet the MTD criteria. However, proteasome inhibition in this group did not change at doses above 1.90 mg/m 2 suggesting that further escalations would be unlikely to increase a biologic effect. Mean proteasome inhibition plateaued in ?EIASD patients receiving 2.1 mg/m 2 of bortezomib at 77 ± 12% and in -EIASD patients treated with a dose of 1.7 mg/m 2 at 79 ± 6%. Two partial responses were observed. This study determined that EIASDs effect the MTD of bortezomib and the dose required for maximal inhibition of whole blood 20S proteasome. Some evidence of clinical activity was noted in this phase I study in patients with recurrent high grade gliomas.
Introduction
Bortezomib is a boronic acid peptide that selectively blocks the catalytic site of the 20S subunit of the 26S proteasome complex [1] . The ubiquitin-proteasome pathway has been well described. In eukaryotic cells it plays an essential role in the degradation of most short and long-lived intracellular proteins including regulatory proteins that govern the cell cycle, transcription factor activation, apoptosis and cell trafficking [2] [3] [4] . Modulating the catabolism of proteins such as cyclin dependent kinases, p53 and IjB-alpha, the inhibitor of NF-jB, by inhibiting the proteasome promotes the death of cancer cells by a number of potential pathways [1, 5] .
Bortezomib has been shown to block NF-jB activation, and proliferation, and induce apoptosis in head and neck squamous cell carcinoma cell lines. It has also been shown to inhibit growth, radioresistance and angiogenesis in murine squamous cell carcinoma models and human head and neck squamous cell carcinoma xenograft models [6, 7] . Evaluation of the anticancer activity of bortezomib has been expanded to multiple tumor types even though these antiproliferative effects are multifactorial in nature and variable in degree based on the underlying unique tumor signaling pathways [8] . Models of ovarian, prostate and pancreatic cancer have demonstrated sensitivity to the agent on various levels [9, 10] . Ultimately, the most profound effects have been observed against cell lines derived from multiple myeloma and other hematologic malignancies [11] [12] [13] [14] [15] [16] [17] [18] [19] . Bortezomib was originally approved for the treatment of recurrent multiple myeloma in May 2003 and has been subsequently approved for treating newly diagnosed multiple myeloma and recurrent mantle cell lymphoma [20] [21] [22] [23] [24] [25] .
Bortezomib inhibits the proliferation of human malignant glioma cell lines and sensitizes primary astrocytoma and oligoastrocytoma cultures to TRAIL-induced apoptosis in vitro [26, 27] . Intratumoral administration of bortezomib improved the survival of mice bearing the intracranially implanted 9L gliosarcoma model [28] . Bortezomib does not appear to be distributed into the normal cerebral parenchyma, although the blood brain barrier in malignant gliomas is variably disrupted and there is evidence that it does reach the tumor in vivo [1, 28, 29] . This report describes the findings of a phase I trial undertaken to determine the doselimiting toxicities (DLTs) and maximum tolerated dose (MTD) of bortezomib administered twice weekly for 2 weeks repeated every 21 days in patients with recurrent high-grade gliomas. Antiseizure drugs that induce the activity of hepatic drug metabolizing enzymes (EIASDs), such as the cytochrome P450 (CYP450) enzymes, are frequently used in patients with brain tumors [30, 31] . Hepatic oxidative metabolism mediated by several CYP450 isoenzymes appears to represent a significant route of elimination for bortezomib and several systemically circulating metabolites have been identified in cancer patients treated with the drug [32] . Accordingly, the dose of bortezomib was escalated independently in two groups of patients stratified by their pre-existing use of EIASDs in recognition of the potential for a pharmacokinetic or pharmacodynamic interaction when administering bortezomib in combination with EIASDs. A secondary objective of the study was to obtain a preliminary assessment of the activity of single agent bortezomib in patients with recurrent gliomas.
Patients and methods
This study was conducted by the New Approaches to Brain Tumor Therapy (NABTT) Consortium. Participating institutions included the Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins University, Winship Cancer Institute at Emory University, Wake Forest University, Henry Ford Hospital, the University of Alabama at Birmingham and the University of Pennsylvania. The protocol for this clinical trial was reviewed and approved by the Cancer Therapy Evaluation Program of the NCI and the institutional review boards of each participating institution. All patients provided written informed consent as a condition for participating in the study.
Patient selection
Adults (age C 18 years) with histologically proven malignant glioma (anaplastic astrocytoma, anaplastic oligodendroglioma, glioblastoma multiforme) that was progressive or recurrent after radiation therapy, either alone or in combination with chemotherapy, were eligible for the study. Conditions required for entry into the study included: (a) measurable disease by contrast-enhanced MRI or CT; (b) not more than one prior regimen of chemotherapy (c) KPS C 60% (d) full recovery from the effects of any earlier intervention and (e) a mini-mental status exam score C 15. The minimum time intervals from prior treatments were 3 months for radiation, 6 weeks for chloroethylnitrosoureas, and 4 weeks for all other chemotherapeutic agents. Eligibility also required demonstrating acceptable hematologic parameters (absolute neutrophil count (ANC) C 1,500/ll; platelet count C 100,000/ll), renal function (serum creatinine B 1.7 mg/dl), and hepatic function (total bilirubin B 1.5 mg/dl; serum levels of aspartate and alanine aminotransferase B4 times the upper limit of normal). Exclusion criteria included: (a) a prior malignancy within 5 years other than curatively treated basal or squamous cell carcinoma or carcinoma of the cervix or breast in situ; (b) a serious concurrent infection, illness, or medical condition; (c) females who were pregnant or nursing; (d) any other condition that would compromise treatment with reasonable safety or result in noncompliance with prescribed medical care. Agreement to practice adequate birth control methods was required for fertile patients.
Drug administration and dose escalation
Patients were assigned to one of two treatment groups based on their preexisting use of EIASDs, which included phenytoin, carbamazepine, phenobarbital, primidone and oxcarbazepine. Patients assigned to the -EIASD group were either not being treated with an antiseizure drug or taking one that does not significantly induce hepatic enzymes, such as gabapentin, lamotrigine, valproic acid, levetiracetam, tiagabine, topiramate, zonisamide, and felbamate. Inclusion in the -EIASD group also required discontinuation of any EIASD for at least 10 days. For patients who required treatment with a corticosteroid, such as dexamethasone, the lowest clinically appropriate daily dose was determined before beginning the first cycle of therapy. Efforts were made to maintain the same dose until the radiographic tumor measurement was performed after completing the second cycle of therapy [33] . The corticosteroid dose could be reduced as clinically indicated for patients responding to therapy based upon serial tumor measurements.
Bortezomib was provided by Millennium Pharmaceuticals, Inc. (Cambridge, MA) and administered by rapid intravenous injection (3-5 s) twice weekly for 2 weeks (days 1, 4, 8 and 11) followed by 10 days without treatment. The use of antiemetics was permitted at the discretion of the treating physician. Treatment with any other approved or investigational chemotherapeutic agent was not permitted.
The starting dose of bortezomib was 0.9 mg/m 2 for both treatment groups. The dose was independently escalated in each group, initially by 40% to 1.25 mg/m 2 (dose level 2), followed by 20% to 1.50 mg/m 2 (dose level 3), and then by a constant increment of 0.20 mg/m 2 relative to the preceding dose level. The MTD was established by the occurrence of DLTs during the initial 21-day cycle of therapy. DLT was defined as any of the following treatment-related adverse events: (a) ANC B 500/ll; (b) platelet count B 25,000/ll; (c) febrile neutropenia; (d) any grade 3 or 4 nonhematologic toxicity, with the exception of nausea and vomiting; and (e) a delay in starting a subsequent course of treatment for more than 7 days because of incomplete recovery from toxicity. Cohorts of three patients were initially treated at each dose level and monitored for treatment-related toxicities, as described below. Escalation of the dose to the next level proceeded in the absence of DLT. An additional three patients were entered into a dose level if a DLT occurred in one of the initial three patients treated. Dose escalation continued if there were no DLTs in any of these additional patients. The MTD was considered to have been exceeded if more than one patient in a cohort of 3-6 experienced a DLT, thereby establishing the previous dose as the MTD. Once an MTD was defined an additional 10 patients were accrued to further assess safety.
Additional cycles of therapy with the same dose were repeated every 21 days in patients who did not experience a DLT or tumor progression if all eligibility requirements continued to be satisfied. Retreatment in the event of a DLT during any course of therapy was permitted with a reduction of the dose to the preceding level, or to 0.50, 0.26, and 0.13 mg/m 2 for reductions below the starting dose, provided that the toxicity resolved within 2 weeks. This required recovery to either baseline values or grade B 1 for hematological toxicities or grade B 2 for nonhematological toxicities. Further decreases in the dose were allowed upon the occurrence of a DLT after treatment with a reduced dose. A maximum of three dose reductions were permitted before the patient was removed from the study. Patients were also removed from the study because of tumor progression, circumstances for which continued treatment could be detrimental to the health of a patient, noncompliance, or upon the decision of a patient to discontinue treatment for any reason.
Evaluations for toxicity and response
Evaluations performed within 14 days of initiating therapy included: a medical history; physical and neurological examinations; mini-mental status evaluation; KPS determination; electrocardiogram; chest X-ray; vital signs; complete blood count with differential and platelet counts; blood coagulation parameters; serum chemistry profile; urinalysis; and pregnancy test for women of childbearing potential. Toxicities were evaluated during each cycle and graded according to the NCI Common Toxicity Criteria, version 2.0 (http://ctep/info.nih.gov). After initiating treatment, a complete blood count with differentials and platelet count was performed weekly or more often if significant myelosuppression was observed. All pretreatment evaluations were repeated before beginning every odd numbered cycle of therapy and within 7 days of the last treatment for patients removed from the study, except for the blood coagulation tests, urinalysis, and pregnancy test, which were performed only as needed.
Response to therapy was determined by MRI or CT imaging and neurologic examinations. The use of CT was restricted to patients who were unable to undergo MRI for physical or medical reasons. Imaging studies to provide tumor measurements were performed within 14 days of beginning treatment (baseline) and after every four cycles of therapy until relapse. A confirmatory scan was obtained 6 weeks (two cycles) after the initial detection of a complete or partial response. Standard NABTT response criteria were used as described previously [34] . The pathology and MRI scans for all patients responding to therapy were centrally reviewed. All patients were followed for survival. Survival time was calculated from start of treatment until death from any cause for overall survival and date of progression or death for progression free survival (PFS). Survival times were censored at date of the last follow-up. The survival distribution was estimated by the method of Kaplan and Meier. Confidence intervals (CI) were calculated using standard methods. Analyses were performed using SAS version 9.1.3 (SAS Institute, Inc., Cary, NC) and STATA (Version 8, College Station, TX). All P values reported are two sided.
Pharmacodynamic studies Blood samples (5 ml) were collected in tubes containing sodium heparin before treatment and at 1 and 24 h after administering the first dose of bortezomib. The blood was transferred directly into a polypropylene cryovial and stored at B-70°C until packaged in dry-ice for shipment to Millennium Pharmaceuticals, Inc. (Cambridge, MA) for analysis. Activity of the 20S proteasome and total protein content in whole blood lysates were determined as previously described [35] . The percentage inhibition of 20S proteasome activity relative to the pretreatment sample was calculated by the chymotryptic-to-tryptic activity ratio method and reported as the mean ± SD of the values for the individual patients at each dose level.
Results

Patient characteristics
Characteristics of the 66 patients enrolled into this study between May 2001 and March 2007 and treated with bortezomib are summarized in Table 1 . The median age was 51 years, the majority were white, had a KPS of 90% or above and had a histology of glioblastoma. Two patients had no prior chemotherapy and 64 (97%) patients had one prior regimen. Fifteen individuals had not received temozolomide prior to enrollment.
Dose escalation and toxicities
All 66 patients were evaluable for toxicity. Initially, the duration of a cycle was defined as 6 weeks, with bortezomib given twice a week for four consecutive weeks, followed by 2 weeks without treatment. None of the patients in either treatment group experienced a DLT following treatment with daily doses of 0.9 mg/m 2 (dose level 1) or 1.25 mg/m 2 (dose level 2). Nevertheless, in response to concerns raised by the sponsor and monitors of the study at the NCI about the potential for toxicity resulting from administering the drug on four consecutive weeks, the administration schedule was revised by defining the duration of a cycle as 3 weeks with bortezomib given twice a week on weeks 1 and 2, and no treatment on week 3. This is the same as the administration schedule for the FDA approved indications of the drug. The two initial dose levels were reevaluated without the occurrence of a DLT in any patient. Dose escalation in the -EIASD group proceeded through dose level 4 (1.7 mg/m 2 ) with no DLTs. One patient in dose level 5 (1.9 mg/m 2 ) experienced a DLT, grade 3 thrombocytopenia that failed to recover within 2 weeks, requiring expansion of the cohort to evaluate an additional three patients. One of these patients experienced grade 3 neuropathy-sensory and grade 3 fatigue, which were DLTs. The preceding dose of 1.7 mg/m 2 was declared the putative MTD. An additional 10 patients were accrued at this dose level, with only one patient experiencing DLTs of grade 3 neuropathy-sensory and headache. The median (range) of the number of cycles of treatment with bortezomib for the -EIASD group was 3 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
Accrual to the ?EIASD arm of the study was completed through dose level 7 (2.3 mg/m 2 ) with no DLTs. A single patient treated with 2.5 mg/m 2 (dose level 8) experienced grade 3 thrombocytopenia, mandating expansion of the cohort. Although none of the additional three patients receiving 2.5 mg/m 2 of bortezomib experienced a DLT, the decision was made not to escalate the dose further because the dose was already close to twofold higher than the approved dose for the treatment of multiple myeloma and the results of the pharmacodynamic studies did not support further dose escalation, as described below. The median (range) of the number of cycles of treatment with bortezomib for the ?EIASD group was 2 (1-6).
Treatment related grade 3 or higher toxicities by group and dose level are presented in Table 2 . In the ?EIASD group at the 2.5 mg/m 2 dose level four cases of grade 3 or higher thrombocytopenia were observed. One case of grade 3 ANC depression was observed. At the same level one case each of similar intensity arthralgia, motor neuropathy, sensory neuropathy, and ALT elevation was noted. At the 1.9 mg/m 2 dose one case each of grade 3 rash and ANC depression was observed. At 1.7 mg/m 2 one case of grade 3 leukopenia was observed. In the -EIASD group thrombocytopenia was the most commonly observed toxicity occurring in four individuals in the 1.9 mg/m 2 dose group, five individuals receiving the 1.7 mg/m 2 dose, two individuals in the 1.5 mg/m 2 dose group and one each in the 0.9 and 1.25 mg/m 2 dose for the 6 week cycle groups and again in the 1.25 mg/m 2 dose group in the 4 week cycle regimen. Also, in the -EIASD group at the 1.9 mg/m 2 dose one case each of grade 3 or 4 clinical toxicity manifest as diarrhea, hypotension, hypoxia, infection, and sensory neuropathy was observed. Grade 3 and 4 laboratory toxicity included acidosis, CPK elevation, low bicarbonate, hypokalemia and ALT elevation. At the 1.7 mg/m 2 dose grade 3 toxicity manifest as sensory neuropathy in three cases, constitutional symptoms in two cases and abdominal pain, constipation, depressed level of consciousness, fatigue, headache, and pain were seen in one case each. Grade 3 laboratory toxicity included one episode of hypokalemia. Isolated toxicities observed at 1.5 mg/m 2 and below included laboratory observations of AST elevation, PT elevation, low hemoglobin, and clinical observation of petechiae.
Anti-tumor activity
Patients that did not have follow-up imaging (n = 4) or readable imaging (n = 1) were not considered evaluable for response. Among the 61 cases that could be evaluated for response there were two partial responses, no complete responses, and 14 patients had stable disease. One patient with a partial response was in the -EIASD group treated with 1.25 mg/m 2 dose and progressed 6 months later. The other patient was in the -EIASD group treated at 1.9 mg/ m 2 and was stable for 3 months and then taken off study for toxicity. The overall objective response rate was 3% (exact binomial 95% CI: 0.4-11%). The 6-month PFS rate for ?EIASD group was 9% (3 out of 33 patients, 95% CI: 2-24%) and in the -EIASD group it was 21% (7 out of 33 patients 95% CI: 9-39%). For all patients the 6 month PFS was 15% (10 out of 66 patients, 95% CI: 8-26%). Median PFS survival time for the ?EIASD group was 1.9 months (95% CI: 1.4-2.6 months) and for the -EIASD group it was 2.6 months (95% CI: 1.7-3.1 months). For all patients the median PFS was 2.1 months (95% CI: 1.7-2.8 months, Fig. 1 ). Median overall survival time for patients in the ?EIASD group was 5.8 months (95% CI: 3.5-7.4 months) and 6.1 months (95% CI: 3.9-9.0 months) for those in the -EIASD arm. For all patients the median overall survival was 6.0 months (95% CI: 3.9-7.4 months, Fig. 2) . One of 33 patients in the ?EIASD group and 3 of the 33 patients in the -EIASD group are still alive at the time of this report. All 66 patients have either progressed or died. )  3  3  3  3  3  3  3  3  3  6 Non 
20S proteasome inhibition
The average percentage inhibition of 20S proteasome activity in whole blood lysates at 1 and 24 h after treatment with the initial dose of bortezomib for each dose level evaluated in this clinical trial are presented in Table 3 . As found in previous phase I trials of the drug in patients with solid tumors and hematological malignancies, proteasome inhibition at 1 h was dose-dependent at lower doses and independent of the dose at higher doses of bortezomib, with maximum inhibition near 70% [36, 37] . Proteasome inhibition at 1 h was very similar at the starting dose of 0.9 mg/m 2 in both treatment groups, being 55.8 ± 5.8% for -EIASD patients and 54.4 ± 1.8% for those in the ?EIASD arm. Maximum proteasome inhibition at 1 h was achieved at the third dose level (1.5 mg/m 2 ) of the -EIASD arm, but not until the fifth dose level (1.9 mg/m 2 ) of the ?EIASD arm. The magnitude of maximum proteasome inhibition was essentially the same for both treatment groups, ranging from 70.3 to 73.8% for -EIASD patients receiving doses of 1.5-1.9 mg/m 2 and 69.8-76.7% in patients treated with doses of 1.9-2.5 mg/m 2 .
Discussion
The MTD of bortezomib for patients in the -EIASD dose escalation arm of the study was 1.7 mg/m 2 , which is similar to the 1.56 mg/m 2 MTD of the drug when given by the same dosing schedule to patients with advanced solid tumors other than CNS malignancies [36, [38] [39] [40] . Escalation of the dose in the ?EIASD arm was terminated at the 2.5 mg/m 2 dose level, even though only 1 of 6 patients experienced a DLT. Thus, the MTD was not established for patients who were concurrently receiving EIASDs. The toleration of relatively high doses of the bortezomib was not unexpected in the ?EIASD group based on prior experience with other systemic chemotherapeutics in this population [41] . A large majority (76%) of the patients enrolled for treatment in the ?EIASD dose escalation arm of this clinical trial were receiving phenytoin. Phenytoin induces CYP3A4 in human hepatocytes, which was found to be the predominant CYP450 isoform responsible for the metabolism of bortezomib in human liver microsomes [42] [43] [44] . As in other early clinical trials of bortezomib, the pharmacokinetics of bortezomib were not characterized during the present study because concentrations of the drug in plasma decay rapidly and approach the detection limit of the analytical method available at the time of this study's initiation within minutes after its administration by i.v. injection [35] . Subsequently, an assay with sufficient sensitivity to more adequately define the time course of the drug in plasma, based upon high performance liquid chromatography with tandem mass spectrometric detection, has been developed and applied to clinical pharmacokinetic studies [38, 45, 46] . Nevertheless, information on the pharmacokinetic behavior of bortezomib in humans remains limited.
As an alternative to obtaining pharmacokinetic data, an accurate pharmacodynamic assay to measure proteasome inhibition in whole blood was developed and used extensively during the preclinical and clinical development of bortezomib [35-38, 47, 48] . Maximum proteasome inhibition in whole blood occurs 1 h after the administration of bortezomib by rapid i.v. injection [38] . The extent of proteasome inhibition at 1 h achieved with the approved dose of 1.3 mg/m 2 is approximately 65% [36] . Proteasome inhibition at 1 h is dose-dependent at lower doses and approaches a plateau with a maximum level of inhibition of 70-75%, at doses of approximately 1.5 mg/m 2 and greater, suggestive of saturable inhibition of enzyme activity [38] . This was very similar to the behavior observed in the present study for patients in the -EIASD arm, with maximum proteasome inhibition ranging from 70 to 74% 1 h after giving doses of 1.5-1.9 mg/m 2 . In comparison, the plateau in the extent of proteasome inhibition (range, 70-76%) occurred at higher doses (C1.9 mg/m 2 ) in patients who were concurrently receiving EIASDs, consistent with enhanced clearance of the drug resulting from the induction of hepatic CYP450 enzymes. Further increases of the dose did not result in a significantly greater degree of enzyme inhibition; however, it cannot be concluded that the plateau observed in peripheral blood would reflect a plateau in brain or tumor tissue proteasome inhibition.
The toxicity profile in this set of gliomas is different than reports in multiple myeloma. The most commonly reported drug-related grade 3 or 4 toxicities of bortezomib in hematologic malignancies are peripheral neuropathy, thrombocytopenia and neutropenia [49, 50] . As was summarized in Table 2 thrombocytopenia was clearly the most commonly observed toxicity in -EIASD and ?EIASD groups in the current report. Though peripheral motor and sensory neuropathy was observed, it was less frequent. Thrombocytopenia was three-and-a-half times more common than peripheral neuropathy in the -EIASD group. No grade 3 or 4 neutropenia was observed in the -EIASD group. Thrombocytopenia was twice as common as peripheral neuropathies and four times as common as neutropenia in the ?EIASD. In a phase 1 study of refractory solid tumors it was reported that diarrhea, syncope and hypotension were the most common DLTs [38] . Though grade 3 and 4 diarrhea and hypotension were observed in individual instances in the current report, they were not dominating problems. The toxicities in patients with recurrent malignant gliomas are not the same as individuals with hematologic malignancies or with refractory solid tumors outside the CNS. This may possibly be attributed to differences in the profiles of concomitant drugs being administered or to the relatively good integrity of the hepatic, renal and cardiopulmonary systems in patients with brain tumors as they do not usually metastasize or alter systemic parameters. Most individuals in this study had already been exposed to temozolomide and its propensity for induction anemia, neutropenia and thrombocytopenia may explain why this group was more sensitive to this effect of bortezomib than patients with tumors from other sites [51] .
The phase I nature of this study does not allow a meaningful assessment of the efficacy of bortezomib in this population of patients. Under this caveat, the median overall survival was found to be 5.8 months with a 6-month PFS rate of 9% for patients in the ?EIASD group and 6.0 months for the -EIASD group with a 21% 6-month PFS rate. The 6-month PFS was 15% for all patients. This is comparable with previous cytotoxic chemotherapy studies and indicative of minimal antitumor activity despite a small response rate of 3% [52, 53] . DLT was observed only in -EIASD group at 1.9 mg/m 2 , which is higher than 1.3 mg/m 2 dose approved by the United States FDA for the treatment of relapsed or refractory multiple myeloma and mantle cell lymphoma. These brain tumor patients experienced a lesser frequency of side effects of sensory peripheral neuropathy (6%) and fatigue (3%) than patients with multiple myeloma. In terms of overall hematotoxicity, there was a 26% incidence of thrombocytopenia, a 3% incidence of neutropenia and only a 2% incidence of anemia associated with dose levels of 1.7 mg/m 2 or higher. This may be unique in this group of patients because of the effect of EIASDs on the pharmacodynamics of bortezomib and similar to previously reported studies [34, 41, 54] . This group of patients was not heavily treated with chemotherapy in comparison to patients with multiple myeloma and other solid tumors.
In view of the multiple mechanisms by which this class of tumors is able to grow, it is likely that bortezomib will not be the sole answer to this disease process [55] [56] [57] . This is supported, but not proven, by the low response rate observed. In a phase 2 study of advanced stage non-small cell lung cancer, the study was terminated early after only 14 patients were accrued because no objective responses were observed [58] . In other studies of bortezomib in combination with lenaliomide and dexamethazone for Non-Hodgkin's lymphoma and multiple myeloma, more activity was observed than with bortezomib as a single agent [59] . There is also an on-going study of bortezomib in combination with temozolamide in malignant melanoma and glioma (personal communication from Millennium Pharmaceuticals, Inc). Further development of bortezomib in recurrent malignant gliomas should be considered in combination with cytotoxic chemotherapy and/or other targeted agents in patients who are not receiving EIASDs. Ideally bortezomib will serve as a part of the treatment in selected brain tumor patients found to be most likely to respond based upon the molecular profile of their tumor.
